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Signal Averaging of the Surface QRS Complex Predicts Inducibility of
Ventricular Tachycardia in Patients With Syncope of Unknown
Origin: A Prospective Study
STEPHEN L. WINTERS, MD, DEBRA STEWART, RN, J, ANTHONY GOMES, MD, FACC
New York, New York
Forty patients with syncope of unknown origin under-
went quantitative signal averaging of the surface QRS
complex before invasive electrophysiologic testing with
programmed ventricular stimulation. Of 34 patients
without bundle branch block, 12 had inducible ventric-
ular tachycardia (Group I) and 22 did not (Group II).
The duration of low amplitude signals, the root mean
square voltage of the terminal 40 ms and the signal-
averaged QRS vector duration were measured in each
case. One or more abnormal signal averaging variables
were present in 92% of patients in Group I, but in only
27% of patients in Group II (p < 0.005). An abnormal
root mean square voltage of the terminal 40 ms was the
most significant distinguishing variable, being present
in 83% of Group I patients and in only 14% of Group
II patients (p < 0.005). The QRS vector duration was
prolonged in 58% of Group I patients, but in only 9%
of Group II patients (p < 0.05). Likewise, the duration
of low amplitude signals was prolonged in 58% of Group
I patients, but in only 19% of Group II patients (p <
0.05).
Which patients with syncope of unknown ongm should
undergo programmed ventricular stimulation remains un-
clear. Such testing is supported by a substantially higher
mortality in patients with cardiac versus other causes of
syncope (I). Whereas obstructive or hemodynamic causes
of cardiac syncope can be detected by physical examination
or noninvasive testing, or both, invasive electrophysiologic
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When compared with 24 hour ambulatory electro-
cardiographic monitoring, the presence of abnormal sig-
nal averaging variables was more predictive of inducible
ventricular tachycardia. Seven (32%) Group II patients
had 2: 10 ventricular premature beats/h, couplets or ep-
isodes of nonsustained ventricular tachycardia; how-
ever, none had abnormal late potentials recorded. In
contrast, three patients (25%) in Group I had < 10 ven-
tricular premature beats/h, although all in that group
had one or more abnormal signal-averaged variables.
The sensitivity and specificity of the various signal-
averaged variables ranged from 50 to 83% and from 82
to 91%, respectively. Anabnormally lowroot mean square
voltage of the terminal 40 ms had the highest sensitivity
(82%) and specificity(91%) in distinguishing individuals
with syncope of unknown origin who had inducible ven-
tricular tachycardia. Thus, signal averaging of the sur-
face QRS complex is a useful noninvasive technique for
selecting patients with syncope of unknown origin who
should undergo programmed ventricular stimulation.
(J Am Coil CardioI1987;lO:775-81)
testing may be necessary to detect arrhythmic causes, In
fact, nine major studies (2-10) found that invasive electro-
physiologic studies may detect cardiac rhythm disturbances
responsible for syncope in up to 79% of patients with syn-
cope of unknown origin. More than 40% of these patients
may have inducible ventricular tachyarrhythmias at e1ectro-
physiologic testing.
Late potentials detected by signal averaging of the surface
QRS complex have been shown to reflect the substrate for
reentrant ventricular tachycardia in the experimental animal
model and human subjects (11,12), Abnormal signal-av-
eraged QRS variables have been correlated with a higher
occurrence of ventricular tachycardia and sudden death after
myocardial infarction (13-15). Thus, we hypothesized that
the presence of late potentials recorded from signal aver-
aging of the surface QRS complex should correlate with the
inducibility of ventricular tachyarrhythmias in patients with
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syncope of undetermined origin. Here we report a prospec-
tive study performed with signal averaging of the surface
QRS complex to predict the inducibility of ventricular tachy-
arrhythmias in such a group of patients.
Methods
Study patients. Forty consecutive patients with syncope
of undetermined origin referred for electrophysiologic stud-
ies were evaluated. All of the patients had undergone prior
neurologic evaluation and noninvasive cardiovascular as-
sessment, including 24 hour ambulatory electrocardio-
graphic monitoring. Six patients had a bundle branch block
configuration on baseline electrocardiograms and were elim-
inated from the study. This report discusses the results of
studies in the remaining 34 patients.
Signal-averaging technique. Signal averaging of the
surface QRS complex was performed before electrophysi-
ologic testing with the patient in the supine position. All
antiarrhythmic agents were withheld for at least six half-
lives before the study, and no patient had received amio-
darone. Seven silver/silver chloride electrodes were attached
after the skin was cleaned with alcohol to constitute three
orthogonal bipolar electrodes as follows: I) the horizontal
electrodes (X) were positioned at the right and left midax-
illary lines at the fourth intercostal space; 2) the vertical
electrodes (Y) were positioned at the left parasternal second
intercostal space and the V3 position; and 3) the sagittal
electrodes were positioned at the V5 position anteriorly and
at a corresponding posterior site. A ground electrode was
positioned on the eighth rib in the right midaxillary line.
A high resolution electrocardiograph (Arrhythmia Re-
search Technology, 101 System) with high gain amplifi-
cation and bidirectional Butterworth filters (40 to 250 Hz)
was used for signal averaging. Approximately 200 beats
were amplified, filtered, digitally sampled, processed and
printed with a Hewlett-Packard 7470A X-4 plotter. Signal
averaging was performed within 24 hours of the electro-
physiologic studies.
Electrophysiologic studies. After giving informed con-
sent, all patients underwent electrophysiologic testing in the
absence of antiarrhythmic agents and in the fasting state.
Two quadripolar electrode catheters (USCI) were inserted
percutaneously through the femoral vein and positioned un-
der fluoroscopy in the high right atrium across the tricuspid
valve for recording His bundle activity, and in the right
ventricular apex and outflow tract. The distal poles were
used for pacing, and the proximal poles were used for re-
cording. Stimulation was performed with a programmed
stimulator (Bloom Associates) that delivered impulses of
1.5 ms duration at a current that was twice threshold. Three
electrocardiographic leads (I, II and Vd were recorded, as
well as intracardiac electrograms at filter settings of 30 to
500 Hz. Time lines generated at 40,200 and 1,000 ms using
a VR 12 multichannel recorder (Honeywell Electronics for
Medicine) on thermal paper at a speed of 50 to 100 mm/s.
Programmed atrial stimulation was performed using incre-
mental pacing and premature stimulation, as previously de-
scribed (16). Subsequently, all patients underwent pro-
grammed ventricular stimulation from the right ventricular
apex using the following protocol:
1) Incremental ventricular pacing at rates up to 240
beats/min.
2) Premature ventricular stimulation as follows:
a) SIS2 method: A single ventricular stimulus (S2) was
introduced after every eight ventricular paced beats
(S ISd at decreasing coupling intervals until ventric-
ular muscle refractoriness.
b) S/S2S3 method: Two ventricular stimuli (S2S3) were
introduced during a basic paced ventricular cycle (SIS ,)
as before, beginning with an SIS2 interval 50 ms
longer than the effective refractory period of the ven-
tricular muscle and an S2Sj interval equal to the SIS2
interval. The S2S3 interval was progressively de-
creased by 10 ms until S3 was refractory. SIS2 was
then decreased and S3 reintroduced until S3 captured
the ventricle or S2 became refractory.
None ofthe patients had S4 stimulation or left ventricular
stimulation. In our laboratory, the latter modes of stimu-
lation are used only in patients with documented sustained
ventricular tachycardia or out-of-hospital sudden death, or
both, and not in patients with syncope of unknown origin.
All patients underwent ventricular stimulation at two cycle
lengths (600 and 450 ms). If stimulation of the right ven-
tricular apex did not initiate ventricular arrhythmias, right
ventricular outflow tract stimulation was performed using
the same protocol.
Definition of terms. Signal averaging: A vector mag-
nitude (V) was calculated for each point of the averaged
QRS complex as V = VX2 + y 2 + Z2. The following
low amplitude signal measurements were recorded, com-
puter calculated and confirmed visually:
I) The duration oflow amplitude signals was recorded from
the end of the signal-averaged QRS vector complex to
the point at which signals measured 40 JLV.
2) The root mean square voltage (index of late potentials)
was measured for the terminal 40 ms of the QRS vector
complex.
3) The signal-averaged QRS vector duration (QRSd) was
the time (in ms) from the onset to end point of the vector
complex.
Twenty-four hour ambulatory electrocardiographic mon-
itoring. Couplets were defined as two repetitive ventricular
premature contractions. Nonsustained ventricular tachycar-
dia consisted of three or more successive wide complex
ventricular beats at a rate of 2: 120 beats/min, with atrio-
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ventricular dissociation that lasted for ::;30 seconds and
terminated spontaneously.
Electrophysiologic testing. Nonsustained ventricular
tachycardia was defined as more than fi ve repetitive ven-
tricular responses present for ::;30 seconds. Sustained ven-
tricular tachycardia was defined as tachycardia of ventric-
ular origin that lasted > 30 seconds or was associated with
hemodynamic embarrassment.
Statistical analysis. This was performed utilizing Stu-
dent's t test for unpaired and paired data, as well as two by
two chi-square analysis. Sensitivity was defined as the per-
cent of patients with the specified abnormal signal-averaged
variable, who had inducible sustained or nonsustained ven-
tricular tachycardia. Specificity was defined as the percent
of patients with a specified normal signal-averaged variable,
who had no inducible ventricular arrhythmias.
Abnormal signal-averaged variables. The abnormal
signal-averaged QRS variables for our laboratory for 40 Hz
high pass filtering are: I) low amplitude signals > 38 ms;
2) root mean square voltage of the terminal 40 ms < 20 /.LV;
and 3) QRS duration > 114 ms. These values have been
derived from 25 subjects without heart disease or ventricular
arrhythmias. Values correspond to standard deviations above
the mean for QRS duration and duration of low amplitude
signals. Ninety-five percent of normal subjects had a root
mean square voltage of the terminal 40 ms ~ 20/.L V.
Results
On the basis of findings at the time of electrophysiologic
studies, patients were divided into two groups. Group I
consistedof 12subjectswhohad inducible ventriculartachy-
cardia with programmed ventricular stimulation (I with sin-
gle premature stimuli, 9 with two premature stimuli and 2
with burst ventricular pacing). Nine of these patients de-
veloped sustained monomorphic ventricular tachycardia, and
three had reproducible nonsustained monomorphic ventric-
ular tachycardia. Group II consisted of 22 patients who had
no inducible ventricular tachycardia; 9 patients (41%) had
no specific cardiac rhythm disturbances diagnosed by elec-
trophysiologic studies and 13 (59%)did (Table I), including
paroxysmal supraventricular tachycardia, atrioventricular
block and sinus node dysfunction.
The mean values for age did not differ betweenthe groups
with inducible and noninducible tachycardia (Group I = 54
± 16 years; Group II = 60 ± 17 years; p = NS). Neither
coronary artery disease nor cardiomyopathy was more prev-
alent in Group I than in Group II. Only two patients in
Group I had a left ventricular aneurysm (Patients 6 and 8).
Only 2 patients in Group I had recurrent syncope or pre-
syncope, whereas 15 of those in Group II did.
Quantitative comparison of signal averaging. The root
mean square voltageof the terminal 40 ms was significantly
lower in patients in Group I than in Group II (20 ± 18
versus 74 ± 72 J.LV ; P < 0.05), and the QRS duration was
significantly longer in patients in Group I than in Group II
(124 ± 22 versus 96 ± 25 ms; p < 0.05). The duration
of low amplitude signals was longer in Group I than in
Group II patients, but this difference was not statistically
significant (41 ± 12 versus 30 ± 20 ms; p < 0.1).
Of the 12 patients with inducible ventricular tachycardia
during electrophysiologic testing, II (92%) had one or more
abnormal signal-averaged variables, whereas only 7 (32%)
of those in Group II did (p < 0.005) (Table I). The number
of patients in each group with abnormal signal-averaged
variables is shown in Table 2. As is evident, the root mean
square voltage of the terminal 40 ms was abnormally low
in 10 (83%) of Group I patients, but in only 2 (9%) of Group
II subjects (p < 0.005). The mean QRS vector duration was
prolonged in seven (58%) of Group I patients, but in only
two (9%) of Group II patients (p < 0.05). Prolonged low
amplitude signals were seen in seven (58%) of Group I
patients and in three (1 4%) of Group II patients (p < 0.05).
Twenty-four hour electrocardiographic monitoring.
Of the four grades of ventricular ectopic rhythm recorded
during ambulatory electrocardiographic monitoring, only the
presence of couplets differed between the two groups. Cou-
plets were detected in eight Group I patients (67%) but in
only six Group II patients (27%) (p < 0.05). The presence
of nonsustained ventricular tachycardia did not distinguish
either group.
In Group I, six patients (50%) had < 10 ventricular pre-
mature complexes/h, six (50%) had ~ lO/h and eight (67%)
had couplets recorded. In contrast, among Group II patients,
nine (4 )%) had < 10 ventricular premature complexes/h,
fi ve (23%) had ~10/h and six (27%) had couplets. Seven
(32%) of Group II patients had ~ 10 ventricular premature
complexes/h, or couplets or episodes of nonsustained ven-
tricular tachycardia. These patients might have been con-
sidered at high risk for inducible ventricular tachyarrhyth-
mias; however, none had abnormal late potentials and only
two had an abnormal mean QRS vector duration. Con-
versely, three patients (25%) in Group I demonstrated < 10
ventricular premature cornplexes/h and might have been
considered at low risk for ventricular tachyarrhythmias. They
all had one or more abnormal signal-averaged variables.
Sensitivity and specificity of signal-averaged vari-
ables. The sensitivity and specifi city of the signal-averaged
QRS variables ranged from 50 to 83% and from 82 to 91%,
respectively, in distinguishing patients with syncope and
inducible ventricular arrhythmias. The respective sensitiv-
ities and specifici ties of these variables were: I) 83 and 91%
for the root mean square voltage of the terminal 40 ms; 2)
50 and 86% for the duration of low amplitude signals; and
3) 58 and 82% for the duration of the QRS vector complex.
Whereas 83% of patients with abnormally low root mean
square voltage of the terminal 40 ms of the signal-averaged
QRScomplexes had inducible ventricular tachyarrhythmias,
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Table 1. Clinical Characteristics, 24 Hour Electrocardiographic Monitoring Results, Quantitative Signal-Averaging Variables and
Electrophysiologic Diagnoses in 34 Patients
24-Hour ECG Monitoring Signal Averaging
Patient Age
Mean VPCs/hour
LAS RMS QRSd
No. (yr) Sex HD :51O/h >IO/h Couplets/h VTns/d (ms) (/-LV) (ms) EPS Dx
Group I (patients with inducible ventricular tachycardia)
I 62 M CAD 1,760 30 526 55 12 123 VTns
2 35 F CM 6 I 2 41 18 139 VTs
3 65 M CAD 3 0 0 38 17 113 VTns
4 44 M CAD 3 0 0 19 75 100 VTs
5 66 M CAD 12 <I 0 21 24 141 VTs
6 60 M CAD 26 <I 0 43 IS 120 VTs
7 45 M NA 7 0 0 45 18 III VTs
8 23 M NA 2 0 0 35 16 105 VTs
9 57 M CM 9 <I 0 37 17 96 VTs
10 60 M CAD 147 I 4 60 7 173 VTs
II 46 F CM 61 13 3 50 14 122 VTns
12 82 M CAD 127 <I 0 50 8 142 VTs
Group II (patients without inducible ventricular tachycardia)
I 61 M CAD 3 0 0 34 23 108 HVT
2 62 M NA 0 0 0 2 24 67 77 CSH
3 60 M CM 1,079 38 I 14 104 81
4 62 M CAD 184 II 0 35 21 105
5 46 F MVP 0 0 0 0 28 81 93
6 45 M NA 0 0 0 0 26 41 91 PAF
7 38 M HBP I 0 0 18 69 100 CSH
8 85 F HBP 15 <I 0 25 23 116 PAF
9 76 F NA 0 0 0 0 21 227 68
10 66 M NA 421 <I 0 30 41 94
II 67 F NA 4 <I 0 30 48 82 SSS
12 74 F CAD <I 26 48 133 SSS
13 70 M CAD 2 0 0 47 15 105
14 70 M CAD 341 I 0 24 43 120 SSS
15 70 M NA 0 0 0 0 110 292 75
16 60 M NA I 0 0 41 17 96
17 22 F MVD 0 0 0 0 19 58 86 HVT
18 82 M NA <I 0 0 20 64 102
19 67 M HBP >1 0 0 24 44 63 SSS
20 61 M CAD >1 0 0 17 65 86 eSH
21 23 M MVP 0 0 0 0 24 173 186 AVB
22 47 M CAD 0 0 0 0 17 65 58 CSH
Boldface numbers represent abnormal values. AVB = atrioventricular block; BP = hypertensive heart disease; CAD = coronary artery disease;
eM = cardiomyopathy; couplets = total number of paired ventricular premature complexes recorded per hour; eSH = carotid sinus hypersensitivity;
EPS Dx = results of programmed ventricular stimulation; HD = underlying heart disease; HVT = hypervagal state; LAS = duration of low amplitude
signals; NA = no apparent heart disease; NI = five or fewer repetitive ventricular responses; PAF = paroxysmal atrial fibrillation; QRSd = duration
of the QRS vector complex; RMS = root mean square voltage of the terminal 40 ms; SSS = sick sinus syndrome; :510 VPCs = % of total hours
monitored with :510 ventricular premature complexes/h; > 10 VPCs = % of total hours monitored with> 10 ventricular premature complexes/h; 24 hour
ECGm = 24 hour ambulatory electrocardiographic monitoring; VHD = valvular heart disease; vpe = ventricular premature complex; VTns/d =
number of episodes of nonsustained ventricular tachycardia per day, defined as five or more sequential ventricular premature complexes lasting <30
seconds; VTl1S = nonsustained ventricular tachycardia (>five repetitive ventricular responses), as defined in text; VTs = sustained ventricular tachycardia
(>30 seconds in duration or requiring termination), as defined in text.
Table 2. Incidence of Abnormal Signal-Averaged Variables in
only 9% did if this variable was normal. Thus, the presence
the Two Patient Groups
or absence of an abnormally low root mean square voltage
RMS LAS QRSd of the terminal 40 ms of the signal-averaged complex (index
Group I 10 (83%) 7 (58%) 7 (58%) of late potentials) provided the highest sensitivity and spec-
Group II 2 (9%) 3 (14%) 4 (18%) ificity in identifying individuals with syncope of unknown
p Value <0.005 <0.05 <0.05 origin who had inducible ventricular arrhythmias.
Abbreviations as in Table I. Examples of signal-averaged QRS complexes are shown
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Vector magnitude :
400mm/S lmm/.liV 40-250 Hz
Durations (ms) :
Total QRS 173
Under 40.llV 60
RMS Voltages ()lVl
Lost 40 ms 7
CYCLES 200
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Vector magnitude:
400mm/Slmm/)lV 40-250Hz
DuratiollS (msl:
Tatar QR5 81
Under 40JlV 14
RloiS Voltages ()I Vl:
Last 40ms 104
CYCLES 200
Figure l. Patient 3, Group II. The Signal-averaged QRS complex
shows that all variables were normal. The duration of low ampli-
tude signals is represented by the shaded area. Cycles = number
of QRS complexes processed by signal averaging; RMS = root
mean square voltage of the terminal 40 ms of the QRS complex.
Figure 3. Patient 10, Group I. The duration of low amplitude
signals of the signal-averaged QRS complex (shaded area ) was
abnormally long, as was the QRS vector complex duration. while
the root mean square voltage (RMS) of the terminal 40 ms (RMS)
was abnormally low.
Figure 2. Patient 9. Group I. The signal-averaged QRS complex
shows that although the duration of low amplitude signals (shaded
area ) was normal, the root mean square voltage of the terminal
40 ms (RMS) was abnormally low.
Vector magnitude:
400mm/S lmm/)IV 40 -250Hz
Durations Imsl:
Total QRS 96
Under 40)iV 37
RMS Voltages ()IV):
Last 40 ms 17
CYCLES 204
in Figures 1 to 3 . Th e recording in Fig ure I is taken from
Patient 3 in Group II . This patient had had frequent episodes
of near syncope as well as one episode of true syncope .
Frequent ventricular prem ature compl exes, couplets and
nonsustained ventricular tachycardia were present on 24
hour ambulatory electrocardiographic monitoring. How-
ever. all signal averagi ng variables were within normal lim-
its . No vent ricular tachyarrhythm ias were induced, and the
patient' s symptoms were attributed to transient increased
vaga l states . His symptoms have been relieved with the use
of prob anth ine.
In contrast . Figure 2A de monstrates an abnor mally low
root mean square voltage of the terminal 40 ms of the sig nal-
averaged QRS complex in Patient 9 of Group I. This 57
year old man had had mitral valve surgery 2 years ea rlier
for mitral regurgitation and had mildl y impaired left ven-
tricul ar systolic functi on . After two episodes of sy nco pe,
ambulatory elec trocardiographic monitoring revealed a
moderate num ber of ventric ular prem ature beats and oc-
cas ional couplets. However. sustai ned ventr icular tac hy-
cardia was induced with two prema ture vent ricular stimu li.
Th is patient has done well wit hout further syncopal episodes
on treatmen t with qu inid ine gluconate and tocai nide hydro-
chloride .
An example of a 60 year old man (Patie nt 10, Group 1),
10 years postmyocardial infarction, who had had synco pe
z
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and had abnormalities of all three signal -averaged variables ,
is shown in Figure 3. This patient had induction of sustained
ventricular tachycardia while undergoing electrophysiologic
testing and has been free of recurrences on treatment with
amiodarone hydrochloride.
Discussion
The results of this study demonstrate that signal aver-
aging of the surface QRS complex may be a useful non-
invasive technique for selecting patients with syncope of
undetermined origin who should undergo programmed ven-
tricular stimulation. Low amplitude, high frequency poten-
tials occurring at the end of the signal-averaged QRS com-
plex correspond to delayed and fractionated electrical activity
recorded from endocardial and epicardial surfaces in human
subjects (11,12). These may serve as a marker for the un-
derlying substrate responsible for many ventricular tachy-
arrhythmias, because they in turn result from inhomoge-
neous conduction in localized areas of ventricular
myocardium. In fact, late potentials recorded with signal-
averaging techniques have been associated with ventricular
tachycardia in the postmyocardial infarction period as well
as with an increased incidence of sudden death (13-15).
Such fractionated diastolic activity, as recorded from signal
averaging of the surface QRS complex , has been eliminated
after endocardial resection (17-19). Further validation of
the technique of signal averaging of the QRS complex to
detect late potentials in humans is corroborated by the find-
ing of a good correlation of signal averaging of the surface
QRS complex with signal averaging of intracardiac and
epicardial ventricular depolarizations (20).
Neither the frequency of ventricular premature com-
plexes nor the presence of nonsustained ventricular tachy-
cardia distinguished the two groups. Yet 67% of the patients
with inducible ventricular tachyarrhythmias did not have
nonsustained ventricular tachycardia on continuous 24 hour
electrocardiographic monitoring. Furthermore, only 9% of
patients without noninducible ventricular tachycardia had
nonsustained ventricular tachycardia recorded before signal
averaging or electrophysiologic testing . Interestingly, of the
seven patients (32%) in Group II with> 10 ventricular pre-
mature complexes/h, ventricular couplets or nonsustained
ventricular tachycardia, only two (29%) had abnormal signal
averaging variables. Thus, signal averaging of the surface
QRS complex detected 92% of the patients with inducible
ventricular tachycardia , whereas ambulatory monitoring de-
tected only 67% of these patients . Difficulty in identifying
patients at risk for ventricular tachyarrhythmias from con-
tinuous electrocardiographic monitoring has been reported
previously (21,22).
Role of coronary artery disease and bundle branch
block. Seven (32%) of the patients in Group II had coronary
artery disease. Although none of these seven patients had
inducible ventricular tachyarrhythmias , four did have one
or more abnormal signal-averaged variables. However, in
Group I, seven (58%) of the patients had coronary artery
disease; six of these patients had one or more abnormal
signal-averaged variables and all had inducible ventricular
tachycardia. Thus, the sensitivity and specificity of abnor-
mal signal-averaged variables for inducible ventriculartachy-
arrhythmias in patients with coronary artery disease were
86% and 57%, respectively.
Although patients with bundle branch block and syncope
may have transient atrioventricular block as an underlying
etiologic factor, 2:25% of such patients with coronary artery
disease develop ventricular tachyarrhythmias during elec-
trophysiologic studies (23,24). However, the significance
of signal averaging in such patients is unknown, because
no standards have been established for what constitutes ab-
normal quantitative signal-averaged variables in the pres-
ence of bundle branch block . As a result of asynchronous
ventricular activation, late potentials may occur in the ab-
sence of a substrate for ventricular tachyarrhythmias. Al-
ternatively , the intrinsically prolonged QRS durations have
been reported to obscure abnonnallate potentials. Thu s , we
excluded patients with bundle branch block from this anal-
ysis . In addition, patients who had not completed a full year
after myocardial infarction were excluded from study. be-
cause preliminary studies suggest that signal-averaged vari-
ables may fluctuate during this time period .
Previous studies. Two recent studies (25 ,26) have sug-
gested a similar role for signal averaging of the surface QRS
complex in evaluating patients with syncope of unknown
origin . However, one of these studies (25) did not pro-
spectively assess in all cases the value of programmed ven-
tricular stimulation in predicting ventricular tachycardia.
Rather, in 63% of patients the presence of more than three
repetitive ventricular responses on Holter monitoring was
taken as a criterion for the diagnosis of ventricular tachy-
cardia. Because short runs of nonsustained ventricular
tachycardia on electrocardiographic monitoring may not be
significant, we performed programmed ventricular stimu-
lation on all patients. This might account for the higher
sensitivity in our study . Although the other study (26) was
similar in design, fewer patient s were included and the meth-
odology used was less quantitative and thus the data are
more likely to be open to subjective interpretation. Fur-
thennore, S4 stimulation was used, which, as pointed out
by Morady et al. (6), may be less specific than double
premature stimulation . In addition, neither of these studies
carefully presented or analyzed the electrophysiologic data
in comparison with the presented Holter monitoring results .
The system that we employed to perform signal averaging
of the QRS complex represents computerized quantitative
analysis, which is far superior to earlier, less exact, qual-
itative analysis. It enables substantial reduction of noise,
and with the use of bidirectional Butterworth filters, prevents
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filter "ringing." The noise levels in our studies were low
(Fig, I to 3), and all computerized measurements were
validated visually, For better accuracy, we utilized normal
values determined in our laboratory with our equipment
The absence of recurrent syncope in patients with in-
ducible ventricular tachyarrhythmias who are treated ac-
cordingly and of subsequent ventricular arrhythmias in pa-
tients with normal signal averaging supports the utility of
signal averaging as a screening tool to determine which
patients with syncope of unknown origin should undergo
programmed ventricular stimulation,
Implications. Our study suggests that signal averaging
of the QRS complex, which is a noninvasive technique and
free of morbidity, may be a useful procedure for the eval-
uation of syncope of unknown origin. Although signal av-
eraging may select patients who do not need programmed
ventricular stimulation, electrophysiologic studies may still
be needed to determine other causes of syncope, such as
paroxysmal supraventricular tachycardia, atrioventricular
block and sinus node dysfunction, This is supported by the
finding that 59% of the patients in our study had cardiac
rhythmdisturbances other than ventricular tachyarrhythmias
diagnosed from electrophysiologic testing.
We thank Valentin Fuster. MD for his encouragement and support, Philip
Barreca for technical assistance and Patricia A. Ettrick for secretarial as-
sistance.
References
I. Kapoor WN, Karpf M, Wieand S, Petersun JR, Levey GS. A pro-
spective evaluation and follow-up of patients with syncope. N Engl J
Med 1983;309:197-204.
2. Akhtar M, Shenasa M, DenkerS, Gilbert CJ, Rizwi N. Role of cardiac
elcctrophysiologic study in assessment of patients with unexplained
recurrent syncope. PACE 1983;6:192-201.
3. DiMarco JP, Garan H, Hawthorne JW, Ruskin IN. lntracardiac elec-
trophysiologic techniques in recurrent syncope of unknowncause. Ann
Intern Med 1981 :95:542-8.
4. Hess DS, Morady F, Scheinrnan MM, Electrophysiologic testing in
the evaluation of patients with syncope of undetermined origin: Am
J Cardiol 1982;50:1309-15.
5. Westveer DC, Stewart J, VanDam D, Gordon S, Tirnrnis Gc. The
role of electrophysiologic studies in the evaluation of recurrent unex-
plained syncope. Cardiovasc Rev Report 1984;5:770-80.
6. Morady F, Shen E, Schwartz A, et al. Long-term follow-upof patients
with recurrent unexplained syncope evaluated by electrophysiologic
testing. J Am Coli Cardiol 1983;2:1053-9.
7. Olshansky DC, Mazuz M, Martins18. Significanceof inducible tachy-
cardia in patients with syncope of unknownorigin: a long-term follow-
up. J Am Coli Cardiol 1985;5:216-23.
8. Teichman SL, Felder SD, Matos JA, Kim SG, Waspe LE, Fisher JD.
The value of electrophysiologic studies in syncope of undetermined
origin: report of 150 cases. Am Heart J 1985;110:469-79.
9. Brandenburg RO, Holmes DR, Hartzler GO. The electrophysiologic
assessment of patients with syncope (abstr). Am J Cardiol 1981;47:
433.
10. Gulamhusein S, Naccarelli GV, Ko PT, et al. Value and limitations
of clinical electrophysiologic study in assessment of patients with
unexplained syncope. Am J Med 1982;73:700-5.
II. Simson MB, Untereker Wl, Spielman SR, et al. Relation between
late potentials on the body surface and directly recorded fragmented
electrograms in patients with ventricular tachycardia. Am J Cardiol
1983;51: 105-12.
12. Berbari EJ, Scherlag BJ, Hope RR, Lazzara R Recording from the
body surface of arrhythmogenic ventricular activity during the S-T
segment. Am J Cardiol 1978;41 :697-702.
13. Kanovsky MS, Falcone RA, Dresden CA, Josephson ME, Simpson
MB. Identification of patients with ventricular tachycardia after myo-
cardial infarction: signal averaged electrocardiogram, Holter moni-
toring and cardiac catheterization. Circulation 1984;70:264-70.
14. Denes P, Santerelli P, Hauser RG, Uretz EF. Quantitative analysis of
the high frequency portion of the body surface QRS in normal subjects
and in patients with ventricular tachycardia. Circulation 1983;67:
1129-38.
15. Gomes JA, Mehra R, Barreca P, EI-Sherif N, Hariman R, Holtzman
R. Quantitative analysis of the high frequency components of the
signal-averaged QRS complex in patients with acute myocardial in-
farction: a prospective study. Circulation 1985;72: 105-11.
16. Wit AC, Weiss MB, Berkowitz WD. Rosea KM, Steiner C. Damato
AN. Patterns of atrioventricular conduction in the human heart. Circ
Res 1970;27:345-59.
17. Denniss AR, Johnson DC, Ross DL, Uther 18. Transmural and sub-
endocardial resection for ventricular tachycardia: effects on ventricular
function and delayed potentials. Aust NZ J Med 1984;14:571-2.
18. Breithardt G, Seipel L Ostermeyer J, et al. Effects of antiarrhythmic
surgery on late ventricular potentials recorded by precordial signal
averaging in patients with ventricular tachycardia. Am HeartJ 1982; I04:
996-1003.
19. Simson MB, Spielman SR, Horowitz LN, Harken AH, Unterecker
WJ, Josephson ME. Surface ECG manifestationsof ventricular tachy-
cardia. In: Josephson ME, ed. Ventricular Tachycardia: Mechanisms
and Management. New York: Futura. 1982:409-22.
20. Gomes JAC, Mehra R, Barreca P, WintersSL. A comparativeanalysis
of signal averaging of the surface QRS complex and intracardiac
electrode recordings in ventricular tachycardia (abstr). J Am Coil
CardioI1986;7:128A.
21. Gibson TC, Heitzman MR. Diagnostic efficacy of 24-hour electro-
cardiographic monitoring for syncope. Am J Cardiol 1984;53:1013-7.
22. Clark PI. Glasser SP, Spoto E. Arrhythmias detected by ambulatory
monitoring: lack of correlation with symptoms of dizziness and syn-
cope. Chest 1980;77:722-5
23. Morady F, Higgins J, Peters RW. et al. Electrophysiologic testing in
bundle branch block and unexplained syncope. Am J Cardiol 1984;54:
587-91.
24. Ezri M, Lerman BB, Marchlinski FE, Buxton AE, Josephson ME:
Electrophysiologicevaluation of syncope in patients with bifascicular
block. Am Heart J 1983;106:693-7.
25. Kuchar DL Thornburn CW, Sammel NL. Signal averaged electro-
cardiogram for evaluation of recurrent syncope. Am J Cardiol 1986;58:
949-53.
26. Gang ES, Peter T, Rosenthal ME, Mandel WJ, Lass Y. Detection of
late potentials on the surface electrocardiogram in unexplained syn-
cope. Am J Cardiol 1986;58:1014-20
